Background. Rhinoviruses frequently cause the common cold but have not been considered important causes of acute respiratory hospitalizations in children.
based surveillance in children !5 years of age hospitalized with ARI or fever in Davidson County, Tennessee (Nashville), and Monroe County, New York (Rochester) [3, 30] . Using data from the NVSN, we evaluated the prevalence of rhinovirus infection in hospitalized children !5 years of age and determined the population-based rates of hospitalization. Demographic and clinical characteristics of children with confirmed rhinovirus were compared with those with other viral illnesses.
SUBJECTS AND METHODS
Study design. Prospective surveillance was conducted among children !5 years of age hospitalized with acute respiratory symptoms or fever from 1 October 2000 through 30 September 2001 in hospitals that provided care for 195% of hospitalized children in Davidson County, Tennessee, and Monroe County, New York. Institutional review boards of the 2 study sites, the 5 participating surveillance hospitals, and the CDC approved the study. Four days each week, study nurses identified children who were hospitalized at each surveillance hospital. Written, informed consent was obtained from a parent or guardian. Both nasal and throat swabs were obtained from all enrolled children and combined into a single tube of transport medium. Samples were tested by cell culture isolation using Rh-MK and HEp2 cell lines; those with cytopathic effects were tested by immunofluorescence staining for respiratory syncytial virus (RSV), influenza virus types A and B, parainfluenza viruses (PIV) types 1-3, and picornavirus (including both rhinovirus and enterovirus), as described elsewhere [7, 8] . Aliquots of samples were also tested at the CDC by reverse-transcription (RT) PCR for RSV, influenza virus types A and B, PIV-1-3, human metapneumovirus (HMPV), and picornavirus (inclusive of both enterovirus and rhinovirus) [7, 31, 32] . A sample was considered to be positive for a given virus if the culture was positive or both an initial and confirmatory RT-PCR were both positive.
To further discriminate between enterovirus and rhinovirus, all samples positive for picornavirus by PCR were further subjected to another round of PCR using the same forward primer from the primary reaction, PICO-F3 (+) 5 -GGCCCCTGA-ATGYGGCTAA-3 , and an internal reverse primer, PICO-R4 (Ϫ) 5 -CAAAGTAGTTGGTCCCATCC-3 . Amplifications were performed by adding 0.5 mL of the primary amplification product to 49.5 mL of the reaction mixture containing 1ϫ reaction buffer with Mg ++ , 0.2 mmol/L each deoxynucleotide triphosphate, 0.2 U of Taq DNA polymerase (Roche Diagnostics), and 0.2 mmol/L of each primer. Thermocycling was performed on a MicroAmp 9600 (Applied Biosystems) instrument set for 94ЊC denaturation for 2 min; 30 cycles of amplification at 94ЊC for 1 min, 58ЊC for 1 min, and 72ЊC for 1 min; and a final amplicon extension at 72ЊC for 5 min. Amplicons were analyzed by electrophoresis on 2% agarose gels with ethidium bromide staining, with a subset sequenced to confirm rhinovirus specificity. Standardized viral RNA extracts and nuclease-free water were always included as positive and negative controls, respectively.
Demographic and clinical information. Demographic and clinical information from each parent or guardian was collected on a standardized questionnaire [30] . Subgroup comparisons were identified a priori. History of underlying medical conditions, health insurance status, symptom duration, admission diagnoses, microbiology laboratory results, laboratory and chest radiograph results, hospital course, and discharge diagnoses were obtained from the medical record. Prematurity was defined as birth at !36 weeks gestational age. A maximum of 10 ICD-9 discharge diagnosis codes were recorded for each hospitalization by nonstudy hospital coding staff. Children were classified as having asthma/wheezing if their parent or guardian reported or the medical record documented that a physician had diagnosed asthma or had noted prior wheezing.
Population-based hospitalization rates. Rates of rhinovirus-associated hospitalization per 1000 children were calculated as the weighted number of hospitalizations for rhinovirus ARI or fever divided by the number of children in the county population as determined by the 2000 US Census, multiplied by 1000. Rates were calculated using Stata (version 8.2; StataCorp) and SAS software (version 9.1; SAS Institute) procedures by weighting the observed number of enrolled hospitalizations to account for sampling 4 days/week and eligible patients who were not enrolled; age and study site were the sampling strata. Rates were calculated overall and by viral etiology and demographic subsets, with 95% confidence intervals (CIs) calculated using the Confidence Interval Analysis program (version 2.0.0; British Medical Journal). This program assumes events to have a Poisson distribution, and population is constant with no sampling variation. Rates were compared between the age groups using conditional and normal theory test [33] . Children admitted multiple times were regarded as independent hospitalizations; no records were dropped in analysis.
Because we did not determine the overall proportion of all children with underlying high-risk medical conditions, we assumed that 10% of children !5 years old had high-risk medical conditions based on national and local Rochester, New York, data (P. G. Szilagyi, University of Rochester Medical Center, Rochester, NY, personal communication). Asthma prevalence was obtained from the National Center for Health Statistics, which reports results from multiple data sets including the National Health Interview Survey (NHIS). NHIS asks parents if a doctor or other health professional has ever told them that their child had asthma or has had an asthma attack during the last 12 months. Using the projected asthma prevalence from this survey of 7.5% in children !5 years of age in the United States, rates of rhinovirus-associated hospitalization among children with asthma were also calculated [34] . A x 2 test was used for categorical variables. Multivariable analysis was performed using logistic regression to determine odds ratios.
RESULTS

Study population.
Of 812 eligible children admitted to surveillance hospitals, 592 (73%) children were enrolled. Of 220 children not enrolled, 127 (58%) parents or guardians refused participation; 44 (20%) parents or guardians were not available; 40 (18%) were discharged before enrollment; and 9 (4%) were secondary to missed admissions, interpreter unavailability, or physician refusal. Twenty children had multiple hospitalizations; 18 had 2 admissions; and 1 each had 3 and 4 admissions. Sex, race/ethnicity, and age were not significantly different between children with multiple and 1 hospitalizations. Chart audits revealed that numbers of hospital admissions and diagnoses during the 3 nonsurveillance days each week were similar to those seen during the 4 surveillance days. Enrolled children were comparable to nonenrolled children for sex, race/ethnicity, and county of residence [30] . Viral etiology. Viruses were detected by culture or PCR in 352 (61%) of 592 samples obtained. Overall, rhinovirus was detected in 26%, RSV in 20%, influenza in 3%, PIV in 7%, HMPV in 3%, and enteroviruses in 2%. Only 20 (13%) of the rhinovirus-positive children were coinfected with another virus-11 with RSV, 5 with PIV, and 4 with HMPV. All 9 children who had rhinoviruses detected by viral culture were also positive for rhinovirus by PCR. Of children with multiple hospitalizations, 12 (60%) had at least 1 hospitalization with rhinovirus, and 2 had rhinovirus detected on separate hospitalizations (1 separated by 5.5 months and the other by 1.5 months).
Demographic and clinical characteristics. Among the 592 study children with ARI or fever, demographic and clinical characteristics were similar among those with confirmed rhinovirus infections, those with other confirmed viral infections, and those with no virus detected (table 1) . Approximately three- Figure 1 . Odds of rhinovirus-associated hospitalization, compared with hospitalization for acute respiratory infection/fever in which rhinovirus was not detected, with 95% confidence intervals calculated by multivariable logistic regression. "Asthma" indicates history of asthma or wheezing. quarters of enrolled children were 0-23 months of age, half were male, half had public insurance (Medicaid), and one-third were black. Approximately 46% of enrolled children lived with a smoker, nearly 75% had siblings, and 20% were born prematurely; proportions did not differ among the 3 groups. More rhinovirus-positive children attended day care, but these differences were not statistically significant.
The only statistically significant difference in the characteristics of the 3 groups was that 38% of children with rhinovirus had asthma/wheezing, compared with 25% of those with another virus and 19% of those with no virus isolated (P p ). Fewer than 10% of all enrolled children had another .001 chronic disease, excluding asthma, and this finding did not vary among groups.
As shown in figure 1 , when all variables were included in the multivariable analyses, the only factor independently associated with rhinovirus detection was a history of wheezing/ asthma ( ). Of the 152 hospitalized children with this P p .02 history, 114 (75%) were actually given a discharge diagnosis of asthma or wheezing. Of rhinovirus-positive children 24-59 months of age, 76% had a history of asthma. As shown in figure 2, among children 24-59 months of age with this history, the proportion with rhinovirus (47%) was significantly higher than with other viruses (15%) ( ). Of P p .01 rhinovirus-positive patients 0-23 months of age, 26% had a history of asthma or wheezing. Rhinovirus was the only study virus significantly associated with a history of asthma or wheezing ( ) (table 2) . P ! .001 Clinical manifestations. In children with confirmed rhinovirus infection, the median length of stay was 3 days (range, 1-22 days) and was the same for those with other study viruses (range, 1-71 days) or no virus (range, 1-32 days). Differences in clinical manifestations among those with rhinovirus, those with other viruses, or those with no isolated viruses were not statistically significant. Supplemental oxygen was required in 36% of children with rhinovirus, compared with 51% and 23% of those with other study virus or no study virus. Four children (3%) with rhinovirus required mechanical ventilation, com- 
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All other study viruses 28 29 No study virus isolated 34 49 pared with 3% and 1% of those with other study virus or no study virus. Blood cultures were obtained in 52% of children with rhinovirus, 51% of those with other viruses, and 70% of those with no virus. Blood cultures obtained in children with rhinovirus were predominantly in younger children (60% of children 0-6 months of age; 27% of children 6-23 months of age). Twenty-six percent of those with rhinovirus had cerebrospinal fluid (CSF) obtained, compared with 18% and 37% of those with other study viruses or no study virus. In children with rhinovirus who had CSF obtained, 93% were 0-6 months of age. Twenty-four percent of children with rhinovirus had urine cultures, compared with 31% and 45% of those with other study viruses or no study virus. Of rhinovirus-positive children who had urine cultures obtained, 79% were 0-6 months of age.
In 62 infants 0-6 months of age with rhinovirus, admission diagnoses included asthma ( ), pneumonia ( ), sepsis n p 2 n p 5 ( ), bronchiolitis ( ), febrile neonate ( ), n p 20 n p 11 n p 15 RSV ( ), otitis media ( ), and apnea ( ). Of the n p 9 n p 2 n p 7 15 febrile neonates with rhinovirus, 5 were coinfected with RSV and 1 with PIV; 3 were diagnosed with sepsis and 1 with pneumonia; and 11 had cough or nasal symptoms, 10 anorexia, 9 vomiting, 8 dyspnea, and 7 diarrhea. In 94 children 6-59 months of age with rhinovirus, admission diagnoses included asthma ( ), pneumonia ( ), sepsis ( ), bronn p 43 n p 20 n p 1 chiolitis ( ), febrile syndromes ( ), RSV ( ), n p 6 n p 11 n p 2 croup ( ), respiratory distress ( ), otitis media (n n p 9 n p 9 p 5), upper respiratory illness ( ), febrile seizures ( n p 4 n p ), pharyngitis ( ), and group A streptococcal pharyngitis 4 n p 1 ( ). n p 1
There were no significant differences in clinical manifestations between those with rhinovirus alone and those with dual infection. Of the 25 rhinovirus-positive children with pneumonia, 4 were coinfected with another virus (2 RSV, 1 PIV, 1 HMPV), and 5 were infants !6 months of age. These were not confirmed as bacterial pneumonia nor associated with bacteremia. In addition, 21 of 25 children with pneumonias and 23 of 26 children with febrile illness had no additional viruses isolated. Three rhinovirus-positive children had bacterial coinfections; one child had bacteremia with group B Streptococcus, another had meningitis with group B Streptococcus, and one child had a urinary tract infection with Klebsiella pneumoniae.
Seasonality. The distinct seasonal patterns associated with various study viruses are shown in figure 3 . Of rhinoviruses detected, 40% were identified in children hospitalized in the spring, 15% in the summer, 23% in the fall, and 22% in the winter. In contrast, 25% of the nonrhinovirus isolates were detected in the spring, 5% in the summer, 11% in the fall, and 59% in the winter ( ). The rhinovirus-associated hospi-P ! .01 talizations peaked in May, whereas hospitalizations associated with the other respiratory viruses peaked in January and February.
Rates of rhinovirus-associated hospitalization. In 2000, a total of 84,790 children !5 years of age resided in the 2 surveillance areas. This denominator was used to determine the rhinovirus-associated hospitalization rates by age group in figure 4. Although the rates in Davidson County were slightly higher than those in Monroe County, these differences were not statistically significant. The overall rate of hospitalized children with rhinovirus detected was 4.8/1000 children 0-59 months of age/year (95% CI, 4.3-5.2). Age-specific hospitalization rates for children with a rhinovirus isolate were 17.6/ 1000 children 0-5 months of age (95% CI, 14.9-20.6), 6.0/1000 children 6-23 months of age (95% CI, 5.0-7.0), and 2.0/1000 children 24-59 months of age (95% CI, 1.6-2.4) ( , for P ! .001 any pair of rate comparisons between 2 age groups). Among children with and without a history of asthma or wheezing, the estimated rates of rhinovirus-associated hospitalizations were 25.3/1000 children (95% CI, 21.6-29.5) and 3.1/1000 children (95% CI, 2.7-3.5), respectively ( ). P ! .001 Excluding rhinovirus coinfections, the overall rate of hospitalizations for children with rhinovirus detected was 4.2/1000 children 0-59 months of age/year (95% CI, 3.8-4.7); for each age group, the rates were as follows: 14.9/1000 children 0-5 months of age (95% CI, 12.4-17.7), 5.0/1000 children 6-23 months of age (95% CI, 4.2-6.0), and 2.0/1000 children 24-59 months of age (95% CI, 1.6-2.4) ( , for any pair of P ! .001 rate comparisons between 2 age groups), which were similar to rates in rhinovirus-coinfected children.
DISCUSSION
Historically, RSV has been regarded as the predominant virus associated with hospitalizations for ARI in young children [35, 36] . We detected more rhinoviruses (26%) than RSV (20%) among children !5 years of age hospitalized with ARI or fever. Furthermore, children with a history of asthma or wheezing had the highest rate of rhinovirus-associated hospitalizations at 25-28/1000 children/year. In determining rates of rhinovirusassociated hospitalization in children with wheezing or asthma, we used the background prevalence of 7.5% derived from data obtained from the National Center for Health Statistics [34] . Although this estimate of asthma prevalence is subject to variations based on socioeconomic status, geographic location, sex, and race/ethnicity, our data suggest that rhinoviruses are important contributors to many of these hospitalizations. The rhinovirus-positive children had distinct clinical and epidemiologic features, particularly the predilection for children with a history of wheezing or asthma. To our knowledge, our estimates for age-specific rates of hospitalizations for children with rhinovirus infections are the first population-based rates for pediatric hospitalizations associated with rhinovirus.
Although rhinovirus was detected year-round in this 1-year study, 40% of all cases occurred in the spring. This supports prior observations that rhinovirus is predominant in the spring and fall [37] [38] [39] . Interestingly, the seasonal trend for asthma hospitalizations mirrored the seasonal trend for rhinovirus, with the exception of an additional peak during the winter when RSV and influenza virus circulated, as has been reported elsewhere [23, [40] [41] [42] . Many study children (45%) hospitalized with ARI or fever lived in homes with smokers, significantly greater than the 21% national prevalence of smoking (P ! ) [43] . Although most children with rhinovirus infections .001 were hospitalized for !3 days, many children required supplemental oxygen, and a few required mechanical ventilation. Approximately half of the children hospitalized with rhinovirus infection had blood, urine, or CSF cultures obtained, and most were obtained in children 0-6 months of age. The majority of bacterial cultures were negative, but, as mentioned above, one child had bacteremia with group B Streptococcus, another had meningitis with group B Streptococcus, and one child had a urinary tract infection with Klebsiella pneumoniae. Of note, 10% of rhinovirus-positive children !24 months of age presented with a primary diagnosis of fever alone. Although many of the febrile neonates with rhinovirus had the "usual" nasal symptoms and cough that have been classically associated with rhinoviruses, several were reported to have emesis, diarrhea, or poor appetite, and 25% had no respiratory symptoms at all. Pneumonia was diagnosed in 16% of patients with rhinovirus, none of which was confirmed as bacterial. In 84% of cases of pneumonia and 88% of cases of febrile illness in rhinoviruspositive children, no additional viral pathogens were isolated.
In multivariable analysis, asthma/wheezing was the only statistically significant factor that distinguished children hospitalized with rhinoviruses from those with either other viruses or no viruses. Overall, rhinovirus was found in 48% of children 24-59 months of age and in 36% of those 0-23 months of age who were hospitalized with a history of asthma or wheezing. This finding is consistent with previous reports that have associated rhinovirus infection with hospitalizations in children with asthma [24] [25] [26] and in adults [11, 14, 15, 22] .
It is unclear whether children who are predisposed to asthma are more likely to be infected with rhinovirus or whether they are more likely to have severe illness when infected with rhinovirus. Blomqvist et al. found that 22% of all children had at least 1 rhinovirus infection by 6 months of age [44] . Although we do not have incidence data on infection, our hospitalization data suggest that the children hospitalized with rhinovirus may not be at greater risk of infection but instead may be more likely to have a worse outcome. In the few studies investigating rhinovirus infection in asymptomatic children who have underlying asthma, the proportion with rhinovirus tends to be lower (10%-12%) [12, 16] than in other studies of asymptomatic children without asthma (18%-20%) [27, 45] . A recently published study evaluating the role of viruses in outpatient respiratory illnesses in a birth cohort of children 0-1 year of age found that 69% of ARIs were viral, and, of those, 48.5% were attributable to rhinoviruses. These investigators also found that 11.5% of asymptomatic children in the birth cohort were infected with rhinoviruses and were reported to be clinically well within the 4-week period surrounding viral detection [46] . We found a similar distribution among hospitalized children, with a 44% detection of rhinoviruses in the viral-positive specimens.
Study limitations. Despite the strength of our surveillance system, there are several limitations. First, we did not test concurrent healthy controls to determine the prevalence of asymptomatic rhinovirus shedding. However, we did perform viral surveillance in all enrolled children and did not detect additional viruses in the majority of the children with rhinovirus. Although it is possible that rhinovirus infection was an incidental finding in children with other viral or bacterial pathogens, few of the children had viral coinfections detected. In addition, the rate of asymptomatic rhinovirus infection from previous studies is less than the rate of infection seen in the present study [12, 27, 42, [45] [46] [47] [48] . Another limitation is that we only evaluated rhinovirus during a single year, and the seasonality may not reflect the rates in other years or other geographic areas. Although surveillance hospitals included at least 95% of county children admitted with fever or respiratory illness and we adjusted for nonenrolled children and nonsurveillance days, enrolled children may not have been representative of the entire county populations. Finally, although the present study utilized sensitive PCR methods coupled with culture, we may have failed to detect some viruses due to RNA instability, low titers, or as-yet unidentified viruses. Although some studies have suggested higher detection rates with nasal aspirates/washes rather than nasal/throat swabs, other studies have not confirmed these findings [8, 49] . Swabs are more acceptable to families.
Conclusion. In conclusion, this unique population-based surveillance study revealed a high proportion of hospitalizations for pediatric ARI or fever associated with rhinoviruses. Asthma/ wheezing was the only risk factor significantly associated with rhinovirus hospitalizations. Further studies of hospitalized children and healthy controls are needed to better understand the proportion of disease caused by infection and the clinical and epidemiologic features of these infections. The frequency of rhinovirus detection in young children suggests that it has an underappreciated role in ARI hospitalizations.
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